Neurosteroid sensitivity of GABA A receptor mediated inhibition of the hippocampal dentate granule cells (DGCs) is reduced in animal models of temporal lobe epilepsy. However, the properties and subunit composition of GABA A receptors mediating tonic inhibition in DGCs of epileptic animals have not been described. In the DGCs of epileptic animals, allopregnanolone and L-655708 sensitivity of holding current was diminished and δ subunit was retained in the endoplasmic reticulum and its surface expression was decreased the in the hippocampus. Ro15-4513 and lanthanum had distinct effects on holding current recorded from DGCs of control and epileptic animals suggesting that the pharmacological properties of GABA A receptors maintaining tonic inhibition in DGCs of epileptic animals were similar to those containing the α4βxγ2 subunits. Furthermore, surface expression of the α4 subunit increased and a larger fraction of the subunit co-immunoprecipitated with the γ2 subunit in hippocampi of epileptic animals. Together, these studies revealed that functional α4βxδ and α5βxγ2 receptors were reduced in the hippocampi of epileptic animals and that novel α4bxγ2 receptors contributed to the maintenance of tonic inhibition. The presence of α4βxγ2 receptors resulted in low GABA affinity and neurosteroid sensitivity of tonic currents in the DGCs of epileptic animals that could potentially increase seizure vulnerability. These receptors may represent a novel therapeutic target for anticonvulsant drugs without sedative actions.
Introduction
Temporal lobe epilepsy (TLE) is a common form of epilepsy and nearly a third of patients may be refractory to anticonvulsants. An array of pathological changes in neuronal circuits occurs in the hippocampal dentate gyrus of experimental animals with TLE including, sprouting of mossy fibers and loss and dysfunction of GABAergic interneurons (Dudek and Sutula, 2007; Sutula and Dudek, 2007; Obenaus et al., 1993; Kobayashi and Buckmaster, 2003; Sun et al., 2007a; Zhang and Buckmaster, 2009) . These changes render the hippocampus susceptible to generating and propagating seizures. However, there are endogenous molecules such as neurosteroids that can suppress seizures. Neurosteroids are molecules derived from circulating steroids and synthesized de novo from cholesterol. Neurosteroids modulate GABA A receptors and have an anticonvulsant action (Kokate et al., 1994; Lawrence et al., 2010; Majewska et al., 1986; Reddy et al., 2004) .
There is growing evidence that neurosteroid modulation of GABA A receptors on hippocampal dentate granule cells (DGCs) is diminished in TLE (Mtchedlishvili et al., 2001; Peng et al., 2004; Sun et al., 2007b; Zhang et al., 2007) . GABA A receptors are pentamers composed of subunits derived from α, β, γ, δ, ε and π gene families, and the majority of receptors are composed of 2 α, 2 β and a γ or δ subunit (Sieghart and Sperk, 2002) . Receptors containing the δ subunit are particularly sensitive to neurosteroids (Belelli et al., 2006; Mihalek et al., 1999; Wohlfarth et al., 2002) . In DGCs, GABA A receptors containing the α4 and δ subunit are targeted to the extrasynaptic membrane, where they contribute to neurosteroid-sensitive leak conductance often referred to as tonic inhibition (Herd et al., 2007; Mtchedlishvili and Kapur, 2006; Stell and Mody, 2002; Sun et al., 2004; Wei et al., 2003) . In TLE, there is diminished expression of δ subunit mRNA and polypeptide in DGCs that is associated with diminished neurosteroid sensitivity of tonic currents (Nishimura et al., 2005; Peng et al., 2004; Schwarzer et al., 1997a; Zhang et al., 2007) .
Previous studies investigating the neurosteroid modulation of tonic inhibition have not addressed several issues. Despite loss of neurosteroid sensitivity and reduced expression of the δ subunit, tonic inhibition of DGCs appears to be preserved in animals with TLE however; the identity and properties of these GABA A receptors have not been described. Studies in δ subunit knockout animals demonstrate a residual tonic current suggesting that GABA A receptors containing subunits other than the δ subunit can maintain tonic inhibition (Stell et al., 2003; Wei et al., 2004) . Recent studies indicate that GABA A receptors containing the α5 subunit maintain residual tonic currents in DGCs (Glykys et al., 2008) , suggesting the possibility that upregulation of α5 subunit-containing receptors can maintain Neurobiology of Disease 40 (2010) [490] [491] [492] [493] [494] [495] [496] [497] [498] [499] [500] [501] 
